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微生物进行分离纯化，从中分离出 59 株细菌，其中 11 株菌的提取物中含有毒性
成分，通过高效液相色谱进一步分析，发现其中 3 株菌株的毒性成分为 TTX。




菌属于希瓦氏菌属（Shewanella）。同时通过 16S rDNA 对产毒量较高的 EL10 菌
株进行进一步鉴定，结果表明该菌属于海藻希瓦氏菌（Shewanella alga）。 
经检测发现产 TTX 菌 ZL12，ZL22，EL10 的菌体部分 TTX 含量分别为 1.622 
µg/L，0.106 µg/L，2.097 µg/L。转化为菌体湿重的 TTX 含量则分别为 0.054 µg/g，
0.004 µg/g，0.070 µg/g。微生物与河豚鱼相比（含毒量为 1.22-122 µg/g），TTX
含量相差 2-4 个数量级，可通过对微生物的培养条件和产毒机制的研究，提高菌




1.0%酵母膏、0.25%磷酸盐、3.6%蛋白胨，pH 值为 7.0-7.5 之间，且接种量为 1%，
装瓶量为 100 mL。EL10菌株的菌体收获量在 2216E培养基中培养时为 3.575 g/L，
















根据前期摇瓶试验的实验参数，于 10 L 发酵罐中对 EL10 菌株进行了多批次
发酵，研究了 10 L 发酵罐的工艺技术。10 L 发酵罐发酵的工艺参数为：温度 28 
℃，装料 6.0 L，1‰接种量，空气流量 600 L/h，转速 300 rpm，当溶氧低于 50%
时调节转速，用稀硫酸调控 pH 值在 7-7.5 之间。实验结果表明，发酵罐能通过
增加空气流量和调高转速来增加发酵罐中的溶氧量，发酵过程能补加碳氮源，并
能调控 pH 值在一定范围内，相对摇瓶而言，其发酵条件更有利于菌体的繁殖和
生长。10 L 发酵罐的发酵实验为大规模的微生物源 TTX 的工业化生产提供了科
学依据。 
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Tetrodotoxin (TTX) is one of the most potent non-protein neurotoxins that 
blocks sodium channels and inhibits the propagation of action potentials. TTX has 
important medical value and was usefull in detoxification. Conventionally, TTX is 
purified from ovaries and livers of puffer fish and the yield is limited. Isolation of 
TTX-producing bacteria will make it possible to produce large amount of TTX in 
vitro without destroying the puffer fish resource. 
In the present study, the puffer fish Takifugu Xanthopenrus was collected for the 
isolating and screening of the TTX-producing bacteria. Isolating from the ovary of the 
puffer fish, there were 59 strains, 11 stains of which were toxin-producing bacteria. 
By High Performance Liquid Chromatography (HPLC), 3 tetrodotoxin-producing 
bacterial strains were discovered. The result supported the postulation of bacteria 
origin of TTX. 
Based on physiological and biochemical characteristics, ZL7, ZL12, ZL14, ZL22, 
EL14, EL20, EL24, EL28 stains were identified as Micrococcus, ZL10 stain was 
Staphylococcus, EL10, EL11 stains were Shewanella. By 16S rDNA alignment, stain 
EL10 was identified as Shewanella alga. 
By HPLC, 1.622 µg/L、0.106 µg/L、2.097 µg/L TTX were detected in ZL12, 
ZL22, EL10 strain cells. And it mean that TTX contained in wet weight of ZL12, 
ZL22, EL10 strain cells were 0.054 µg/g, 0.004 µg/g, 0.070 µg/g. Comparing with 
puffer fish, whose amount of TTX was 1.22 to 122 µg/g, the bacterial amount of TTX 
was lower. By studying on microbial culture conditions and toxin production 
mechanism, it could be increasing the biomass amount of bacteria and the toxin 
production, so that, microbial production of TTX industrialization could be possible. 
At this experiment, effects of media volume, inoculation volume, original pH, 
salinity, phosphate, carbon source, nitrogen source on the bacteria growth were 
studied. The fermentation parameters was optimized by single factors experiment and 
orthogonal experiment. The optimum culture medium for EL10 stain was Sodium 
malate 1.0%, Sodium chloride 1.0%, yeast extract 1.0%, phosphate 0.25%, peptone 
3.6%, pH between 7.0 to 7.5. Cell harvest cultured in 2216E medium was 3.575 g/L, 















2216E medium,  it increased 66%. 
Base on the flask test, we studied on the technique of fermentation of EL10 
strain. The fermentation parameters were as following, temperature 28 ℃, loading 
6.0 L, 1‰ inoculation volume, 600 L/h of air flowing, 300 rpm of speeding, and 
when the dissolved oxygen (DO) was low to 50%, adjust the speeding, and control the 
pH value between 7.0 to 7.5 by dilute sulfuric acid. The results showed that the 
condition of fermentor was more suitable for the bacteria growing and reproduction, 
by controlling the DO and pH value. The technique of fermentation for TTX 
established in this study is valuable for tetrodotoxin-producing by microbe 
fermentation. 
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